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Description 

Field of the Invention 

[0001] This invention relates to a prosthetic Interver- 
tebral disc nucleus. More particularly it relates to an ar- 
tificial disc nucleus made of a hydrogel material. 
[0002] The intervertebral disc is a complex joint ana- 
tomically and functionally. It is composed of three com- 
ponent structures: the nucleus pulposus (the nucleus), 
the annulus fibrosus (the annulus) and the vertebral 
end-plates. The biochemical composition and anatomi- 
cal arrangements within these component structures 
are related to the biomechanical function of the disc. 
[0003] The nucleus occupies about 25-40% of the to- 
tal disc cross-sectional area. It is primarily composed of 
mucoid material containing mainly proteoglycans with a 
small amount of collagen. The proteoglycans consist of 
a protein core with chains of negatively charged keratin 
sulphate and chondroitin sulphate covalently attached 
thereto. Due to these constituents, the nucleus is a loose 
hydrogel which usually contains about 70-90% water by 
weight. Although the nucleus plays an important role in 
the biomechanical function of the disc, the nriechanrcal 
properties of the disc are not well known, largely be- 
cause of the loose hydrogel nature of the nucleus. 
[0004] As the nucleus is surrounded by the annulus 
and vertebral end-plates, and the negatively charged 
sulphate groups are immobilized due to the attachment 
of these groups to the polymer matrix, the matrix has a 
higher concentration of counter ions than its surround- 
ings. This ion concentration results in a higher osmotic 
pressure than the annulus e.g., ranging from about 0.1 
to about 0.3 MPa. As a result of the high fixed charge 
density of the proteoglycan the matrix exerts an osmotic 
swelling pressure which can support an applied load in 
much the same way as air pressure in a tire supports 
the weight of a car. 

[0005] It is the osmotic swelling pressure and hy- 
drophilicity of the nucleus matrix that offers the nucleus 
the capability of imbibing fluid until it is balanced with 
the internal resistance stresses, due to the tensile forces 
of the collagen network, and the external stresses due 
to the loads that are applied by muscle and ligament ten- 
sion. The swelling pressure (Ps) of the nucleus is direct- 
ly dependent on the concentration and fixed charge den- 
sities of proteoglycan, i.e., the higher the concentration 
and fixed charge densities of proteoglycan the higher 
will be the swelling pressure of the nucleus. The extemal 
pressure changes with posture. When the human body 
is supine the compressive load on the third lumbar disc 
is 300 newtons (N) which rises to 700 N when an upright 
stance Is assumed. The compressive load increases, 
yet again, to 1200 N when the body is bent fonward by 
only 20°. When the external pressure (Pa) increases the 
previous balance, i.e., Ps = Pa, is upset. To reach a new 
balance the swelling pressure has to increase. This in- 
crease is achieved by increasing the proteoglycan con- 
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centration in the nucleus which is achieved by reducing 
the fluid in the nucleus. That is why discs lose about 
1 0% of their height, as a result of creep, during the day- 
time. When the external load is released i.e., Ps is great- 
5 er than Pa, the nucleus will imbibe fluid from its sur- 
roundings in order to reach the new equilibrium value. 
It is this property of the nucleus that is mainly responsi- 
ble for the compressive properties of the disc. 
[0006] The annulus forms the outer limiting boundary 
of the disc. It is-composed of highly structured collagen 
fibers embedded in an amorphous base substance 
v^ich is also composed of water and proteoglycans. 
The amount of proteoglycans is lower in the annulus 
than in the nucleus. The collagen fibers of the annulus 
are arranged in concentric laminated bands or lamella, 
(about 8-12 layers thick) with a thicker anterior wall and 
thinner posterior wall. In each lamella, the fibers are par- 
allel and attached to the superior and inferior vertebral 
bodies at an angle of about 30"" from the horizontal plane 
of the disc in both directions. This design partkxilarly re- 
sists twisting because the half of the fibers <xx:ked in 
one direction wilt tighten as the vertebrae rotate relative 
to each other in the other direction. *The composition of 
the annulus along the radial axis is not unifonn. There 
is a steady increase in the proportion of -collagen from 
the inner to the outer sectk>ns of the annulus. This dif- 
ference in composition may reflect the need of the inner 
and outer regions of the annulus to blend into very dif- 
ferent tissues while maintaining the strength of the struc- 
ture. Only the inner lamellae are anchored to the end- 
plates forming an enclosed vessel for the nucleus. The 
collagen network of the annulus restrains the tendency 
of the nucleus gel to absoriD water from surrounding tis- 
sues and swell. Thus, the collagen fibers in the annulus 
are always in tension, and the nucleus gel is always in 
compression. 

[0007] The two vertebral end-plates are composed of 
hyaline cartilage, which is a clear, "glassy" tissue, that 
separates the disc from the adjacent vertebral bodies. 
This layer acts as a transitional zone between the hard, 
bony vertebral bodies and the soft disc. Because the in- 
tervertebral disc is avascular, most nutrients that the 
disc needs for metabolism are transported to the<lisc 
by diffusion through the erKl-plate area. 
[0008] The intervertebral joint exhibits both elastk: 
and viscous behavior. Hence, during the applk:ation of 
a load to the disc there will be an immediate "distortion" 
or "deformation" of the disc, often refen'ed to as "instan- 
taneous deformation". It has been reported that the ma- 
jor pathway by which water is lost, from the disc during 
compression, is through the cartilage end-ptates. Since 
the water permeability of the end-plates is in the range 
of about 0.20 to about 0.85 x 10-^7 fg-i \x is rea- 
sonable to assume that underloading, the initial volume 
of the disc is constant while the load is applied. Because 
the natural nucleus of the disc is in the form of a loose 
hydrogel, i.e., a hydrophilk: polymeric material which is 
insoluble in water, it^n be deformed easily, the extent 
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of deformation of the disc being largely dependent on 
the extensibility of the annulus. It is generally believed 
that the hydrostatic behavior of the nucleus plays an im- 
portant role in the normal static and dynamic load-stiar- 
ing capability of the disc and the restoring force of the s 
stretched fibers of the annulus balances the effects of 
the nucleus swelling pressure. Without the constraint by 
the annulus, annular bulging of the nucleus would in- 
crease considerably. If the load is maintained at a con- 
stant level, a gradual change in joint height, commonly 
referred to as "creep" will occur as a function of time. 
Eventually, the creep will stabilize and the joint is said 
to be in "equilibrium". When the load is removed the joint 
will gradually "recover" to its original height before load- 
ing. The creep and relaxation rates depend on the 
amount of load applied, the permeability of the end- 
plates and the water binding capability of the nucleus 
hydrogel. Creep and relaxation are essential processes 
in pumping fluid in and out of the disc. 
[0009] Degeneration of the Intervertebral disc Is be- 
lieved to be a common cause of final pathological 
changes and back pain. As the intervertebral disc ages 
it undergoes degeneration. The changes that occur are 
such that, in many respects, the composition of the nu- 
cleus seems to approach that of the Inner annulus. In- 
tervertebral disc degeneration Is, at least in part, the 
consequence of compositional changes in the nucleus. 
It has been found that both the molecular weight and the 
amount of proteoglycans In the nucleus decrease with 
age, especially In degenerated discs, and the ratio of 
keratin sulphate to chondroitin sulphate In the nucleus 
increases. This increase in the ratio of keratin sulphate 
to chondroitin sulphate and decrease in proteoglycan 
content decreases the fixed charge density of the nu- 
cleus from about 0.28 meq/ml to about 0.1 8 - 0.20 meq/ 
ml. These changes cause the nucleus to lose part of its 
water binding capability which decreases the maximum 
swelling pressure It can exert. As a result, the maximum 
water content drops from over about 85%, in preadoles- 
cence, to about 70-75% in middle age. The gly- 
cosaminoglycan content of prolapsed discs has been 
found to be lower, and the collagen content higher, than 
that of normal discs of a comparable age. Discs L-4 - L- 
5 and L-5 - S-1 are usually the most degenerated discs. 
[0010] It is known that although the nucleus only oc- 
cupies about one third of the total disc area, it takes 
about 70% of the total loading in a normal disc. Thus, It 
has been found that the compressive load on the nuclei 
of moderately degenerated discs is about 30% lower 
than in comparable normal discs but the compressive 
load on the annulus increases by 100% in the degener- 
ated discs. This load change is primarily caused by the 
structural changes in the disc as discussed above. The 
excess load on the annulus, of the degenerated disc, 
causes reduction of the disc height and excessive 
movement of the spinal segments. The flexibility of the 
disc produces excessive movement of the collagenous 
fibers which, in tum, injures the fiber attachments and 



causes delamination of the well organized fibers of the 
annulus ring. The detaminated annulus can be further 
weakened by stress on the annulus and in severe cases 
this stress will cause tearing of the annulus. This whole 
process Is very similar to driving on a flat tire, where the 
reinforcement layer will eventually delamlnate. Because 
the thickness of the annulus is not uniform, with the pos- 
terior portions being thinner than the anterior portions, 
delamination and lesions usually occur in the posterior 
area first. 

[001 1] The spinal disc may also be displaced ordam- 
aged due to trauma or diseases. In these cases, and in 
thecase of disc degeneration, the nucleus may herniate 
and/or protrude Into the vertebral canal or intervertebral 
foramen, in whrch case it is known as a herniated or 
"slipped" disc. This disc may in turn press upon the spi- 
nal nerve that exits the vertebral canal through the par- 
tially obstructed foramen, causing pain or paralysis in 
the area of its distribution. The most frequent site of oc- 
currence of a herniated disc Is in the lower lumbar re- 
gk>n. A disc hemlation In this area often involves the in- 
ferior extremities by compressing the sclatrc nerve. 
[0012] There are basrcally three types of treatment 
currently being used for treating low back pain caused 
by injured or degenerated discs: conservative care, dis- 
cectomy and fusion. Each of these treatments has its 
advantages and limitations. The vast majority of patients 
with low back pain, especially those with first tlnr^ epi- 
sodes of low back pain, will get better with cortservative 
care treatment. However, it is not necessarily true that 
conservative care Is the most efftcient and economical 
way to solve the low back pain problem. 
[0013] DIscectomy usually provides excellent short 
term results in relieving the clinical symptoms, by re- 
moving the hemiated disc material, usually the nucleus, 
which causes the low back pain either by compressing 
the spinal nerve or by chemical irritation. Cleariy, a dis- 
cectomy is not desirable from a blomechanrcal point of 
view. In a healthy disc, the nucleus takes the mostcom- 
presslonal load and In a degenerated disc this load Is 
primarily distributed onto the annulus ring which, as de- 
scribed above, causes tearing and delaminatbn of the 
annulus. Removal of the nucleus in adiscectomy actu- 
ally causes distribution the compressive load onto the 
annulus ring thereby narrowing the disc spaces. It has 
been reported that a long-term disc height decrease 
might be expected to cause irreversible osteoarthritis- 
like changes in the facet joint. That is why discectomy 
yields poor long term benefits and cesults in a high Inci- 
dence of reherniatlon. 

[001 4] Fusion generally does a good job in eliminating 
symptoms and stabilizing the joint. +lowever, t)ecause 
the motion of the fused segment is restricted, the range 
of motion of the adjoining vertebral discs is increased 
possibly enhancing their degenerative processes. 
{0015] Because of these disadvantages, it is desira- 
ble to use a prosthetic joint devk^e v^rch not only is able 
to replace the injured or degenerated Intervertebral disc, 
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but also can mimic the physiological and the bionr^e- 
chanical function of the replaced disc. Such a device 
would restore the normal functions of the disc and pre- 
vent further degeneration of the surrounding tissue. 

Description of the Prior Art 

[0016] Artificial discs are well known in the prior art. 
United States Patent 3,867,728, to Stubstad et al., re- 
lates to a device which replaces the entire disc. This de- 
vice Is made by laminating vertical, horizontal or axial 
sheets of elastic polymer. U.S. Patent 3,875,'595 to 
Froning relates to a collapsible plastic bladder-like pros- 
thesis of nucleus pulposus. U.S. Patent 4,309,777, to 
Patil, relates to a prosthesis utilizing metal springs and 
cups. A spinal implant comprising a rigid solid body hav- 
ing a porous coating on part of its surface is shown in 
Kenna's U.S. Patent 4,714,469. An Intervertebral disc 
prosthesis consisting of a pair of rigid plugs to replace 
the degenerated disc is referred by Kuntz, United States 
Patent 4,349,921 . United States Patents 4,772,287 and 
4,904,260, to Ray et al., teach the use of a pair of cylin- 
drical prosthetic intervertebral disc capsules with or 
without therapeutrcal agents. U.S. Patent 4,911.718, to 
Lee et al., relates to an elastomeric disc spacer com- 
prising three different parts; nucleus, annulus and end- 
plates, of different materials. At the present time, none 
of these inventions has become a product In the spinal 
care market. Bao et al., in United States Patent Nos. 
5,047,055 and 5,192,326 (assigned to the assignee of 
this invention ) describe artificial nuclei comprising hy- 
drogels in the form of large pieces shaped to conform 
to the shape of the disc cavity or beads within a porous 
envelope, respectively The hydrogels have an equilib- 
rium water content (EWC) of at least about 30% and a 
compressive strength of at least about 1 meganewtons 
per square meter (1 MNm-2) when subjected to the con- 
straints of the annulus and end plates of the disc. Pref- 
erably, the compressive strength of the nucleus is about 
4 MNm-2. 

[0017] The primary disadvantage of the inventions of 
Stubstad et al., Patil, Kenna and Lee et al. is that use of 
their prostheses requires complete replacement of the 
natural disc which involves numerous surgical diffk:ul- 
ties. Secondly, the intervertebral disc is a<:ompiex joint, 
anatomically and functionally, comprising the aforemen- 
tioned three component structures, each of which has 
its own unique structural characteristics. Designing and 
fabricating such a complicated prosthesis from accept- 
able materials, which will mimic the function of the nat- 
ural disc, is very difficult. A further problem is the diffi- 
culty of preventing the prosthesis from dislodging. 
Fourthly, even for prostheses which are only intended 
for replacing the nucleus, a major obstacle has been to 
find a material which is similar to the natural nucleus and 
is also able to restore the normal function of the nucleus. 
Hydrophobic elastomers and thermoplastic polymers 
are not desirable for use in the prosthetic nuctei due to 



their slgnlfk:ant inherent differences from the natural nu- 
deus e.g., lack of hydrophilicity, in the elastomers, and 
lack of flexibility in the thermoplasts. 
[001 8] These problems are not solved by Kuntz, who 
5 uses elastic rubber plugs, or by^roning and Ray et al., 
who use bladders, or capsules, T^spectively. which are 
filled with a fluki or thixotropic gel. According to the Ray 
and Froning patents, liquid was used to fill the capsules 
and bladders, respectively, thereby requiring that their 
membranes be completely sealed to prevent fluid teak- 
age. As a consequence, those devk:es cannot com- 
pletely restore the function of the nucleus whk:h allows 
body fluid to diffuse In and out during cyclic loading 
thereby providing the nutrients the disc needs. 
[0019] The Bao et al., prosthetic lumbar disc nuclei 
are made from hydrogels. Hydrogels have been used in 
biomedical applications, such as contact lenses. Among 
the advantages of hydrogels is that they are more bio- 
confYpattble than hydrophobic elastomers and nnetals. 
This biocompatibility is largely due to the unique char- 
acteristrcs of hydrogels in that they are-soft and contain 
water like the surrounding tissues and have relatively 
low f notional coeffients with respect to the surrounding 
tissues. The bkxompatibility of hydrogels results in 
prosthetk: nuclei which are more easily tolerated in the 
body. furthermore, hydrophobcelastomeric and metal- 
lic gels will not permit diffusion of aqueous composi- 
tions, and their solutes, therethrough. 
[0020] An additional advantage of some hydrogels is 
their good mechanical strength which permits them to 
withstand the load on the disc and restore the normal 
space between the vertebral bodies. The aforen^n- 
tioned nuclei of Bao et al. have high mechanteal strength 
and are able to withstand the body loads and assist in 
the healing of the defective annull. 
[0021 ] Other advantages of the hydrogels, used in the 
Baoet al. nuclei, are their excellent viscoelastic proper- 
ties and shape memory. Hydrogels contain a large 
amount of water which acts as a plastteizer. Part of the 
water is available as free water which has more freedom 
to leave the hydrogel when the hydrogel is partially de- 
hydrated under mechank;al pressure. This characteris- 
tk; of the hydrogels enables them to creep, in the same 
way as the natural nucleus, under compresskxi, and to 
withstand cyclic badlngfor long periods without any sig- 
nifrcant degradation or loss of their elasticity. This is be- 
cause water in the hydrogel behaves like a cushion 
whereby the polymerte network of a hydrogel with a high 
EWC is tess'susceptible to damage under mechank:al 
load. 

{0022] Another advantage of hydrogels is their per- 
meability to water and water-soluble substances, such 
as nutrients, metabolites and the like. It is known that 
body fluid diffusion, under cyclic loading, is the major 
source of nutrients to the natural disc. If the route of this 
nutrient diffusion is blocked, -e.g., by a water-impenne- 
able nucleus, further deterioration of the disc will-ensue. 
[0023] Hydrogelscan be dehydrated and the resultant 
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xerogels hydrated again without changing the proper- 
ties of the hydrogets. When a hydrogel is dehydrated, 
its volume decreases, thereby facilitating implantation 
of the prosthetic nucleus into the nuclear cavity in the 
disc. The implanted prosthetic nucleus will then swell, s 
in the body, by absorption of body fluid up to its EWC. 
The EWC of a hydrogel depends on the compressive 
load applied thereto. Thus, the EWC of a specific hydro- 
gel in an open container will differ from the EWC of the 
same hydrogel in a closed vessel such as an interverta- 
bral disc. The EWC values, referred to below, are for 
hydrogels subjected to compressive loads under the 
conditions found in an Intervertebral disc. The expan- 
sion factor of a dehydrated hydrogel, in tum, Is depend- 
ent on its EWC. Thus, it may vary from 1 .1 9 for a hydro- 
gel of 38% EWC to 1.73 for a hydrogel of 80% EWC. 
For an 80% EWC hydrogel, the volume of the dehydrat- 
ed prosthetic nucleus is usually about 20% of that of the 
hydrated one. The ability to be dehydrated and then re- 
turn to its original shape upon hydration, up to Its EWC, 
makes It possible to implant the device posterior-later- 
ally during surgery, thereby reducing the complexity and 
risk of intraspinal surgery as traditionally used. The dan- 
ger of perforation of the nerve, dura! sac, arteries and 
other organs is also reduced. In addition, the Incision 
area on the annulus can be reduced, thereby helping to 
heal the annulus and prevent the rehemiation of the 
disc. Hydrogets are also useful for drug delivery Into the 
disc due to their capability for controlled release of 
drugs. Various therapeutic agents, such as growth fac- 
tors, long term analgesics and anti-inflammatory agents 
can attach to the prosthetic nucleus and be released in 
a controllable rate after implantation of the nucleus in 
the disc. 

[0024] Furthermore, dimensional integrity can be 
maintained with hydrogels having a water content of up 
to about 90%. This dimensional integrity, if the nucleus 
is properly designed, will aid in distributing the vertebral 
load to a larger area on the annulus ring and prevent the 
prosthetic nucleus from bulging and hemlating. 
[0025] However, it is normally difficult to implant a fully 
hydrated hydrogel prosthesis in the cavity, of a disc, 
through the small window provided In the disc, for re- 
moving the herniated nucleus, especially in a percuta- 
neous surgery by virtue of their bulkiness In a fully hy- 
drated state. Therefore, such prostheses must be Im- 
planted, In the disc in relatively dehydrated states which 
requires long periods to achieve their EWCs due to their 
low surface areas. Other hydrogels, having high surface 
areas, do not completely conform to the shape of the 
nuclear cavity. 

[0026] It has been found that the hydrogel prosthetic 
nuclei of the present invention, and the method for their 
preparation, overcome the disadvantages of the prior art 
prosthetic nuclei. 



SUMMARY OF THE INVENTION 

[0027] In the following description of the invention the 
term "partially hydrated xeroget" rafers to a hydrophilic 
xerogel which has absorbed water to an extent less than 
its EWC under Its expected conditions of use. 
[0028] The present invention relates to a hydrogel 
prosthetic nucleus which may be Implanted In the nu- 
clear cavity, of an Intervertebral disc, as one or more 
xerogel rods or tubes which may be partially hydrated. 
The prosthetic nucleus of the invention may be brought 
to Its EWC more rapidly than the hydrogel prostheses 
of the prior art due to Its greater surface area and its 
ability to retain Its shape without the support of a con- 
tainer such as the envelope required in the case of nu- 
clei formed from hydrogel beads. 
[0029] The prosthetic nucleus is prepared from one 
or more pieces of hydrophilic xerogel material, in the 
fomn of rods or tubes, which in their final, fully hydrated 
state, will essentially completely fill the nucleus cavity In 
the disc. Utilizing the hydrogel material in the form of the 
rod or tube facilitates Implantation which can be effected 
with the nuclear material in a partially hydrated state. 
[0030] One advantage of the prosthetic nuclei of the 
present invention is the decrease in the time for rehy- 
dration, in the body, by virtue of their high surface areas. 
[0031 ] Other advantages of the invention are the lack 
of the need for forming the xerogel in the shape of the 
cavity or enclosing the xerogel, In the form of beads, in 
an envelope conr>prlsing a semipernoeabte membrane or 
inserting the prosthesis into the cavity In a dehydrated 
or neariy dehydrated state. The implant of the invention, 
to the contrary, may be Inserted into the disc cavity in a 
partially hydrated state with the concomitant advantag- 
es enumerated above. 

[0032] Thus, the prosthetic nucleus, of the present In- 
vention, may be Inserted Into the cavity in its partially 
hydrated form since the cross-sectional diameter of the 
partially hydrated rod is typically small, e.g., between 
about 2 and about 10 mm. However, if the diameter of 
the rod is too small it may be reextruded from thecavity 
upon the application of pressure thereto whereas a very 
large diameter would make Implantation of the rod. 
through the window, difficult. Nevertheless, a slight ex- 
cess in the diameter of the rod can be tolerated since, 
in the hydrated form, the dianrieter of the rod may be 
reduced by stretching. Furthermore, the probability of 
reextrusion of the implant is reduced since the knplant 
comprises a long rod. 

[0033] After hydration of the hydrogel tube or rod to 
its EWC, In the disc, the expanded tutDe or rod will es- 
sentially fill the cavity, from whk:h the natural nucleus 
had been excised, and be constrained tightly therein by 
the annulus and end plates. The constraining forces are 
the restoring force of the stretched fibers of the annulus 
and the external force through the end-plates which will 
restrict the movement of the hydrogel nucleus and pre- 
vent it from bulging and hemiating from thecavity. 
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[0034] Another advantage of this invention is the 
quick restoration of the biomechanical functions of the 
disc which depend on the degree of hydration of the im- 
plant. 

[0035] It Is an object of the invention to provide a pros- 5 
thetic nucleus for a disc which functions in a manner 
similar to that of the natural nucleus. 
[0036] It is yet another object of the invention to pro- 
vide a prosthetic nucleus for a disc which Is composed 
of a hydrogel material capable of balancing its hydro- 
static pressure with external loads thereon. 
[0037] It is another object of the invention to provide 
a prosthetic nucleus, as described above, wherein said, 
hydrogel is Implanted as a rod or hollow tube. 
[0038] Another object of the invention is to provide a 
hydrogel prosthetic nucleus having an EWC, when sub- 
jected to the constraints of the annulus and end plates 
of the disc, of about 30 to about 90%, preferably about 
60-80%, and a compressive strength of at least about 1 
MNm"2 under normal constraints wherein said prosthet- 
ic nucleus comprises one or more hydrogel rods or 
tubes. Preferably, the compressive strength of the nu- 
cleus is about 4 MNm-2 

[0039] These and other objects and advantages of the 
present Invention will become apparent from the follow- 
ing description and the accompanying drawings, which 
disclose a preferred embodiment of the invention. It is 
to be understood that the drawings are to be used for 
the purposes of illustration only and not as a limitation 
on the scope of the Invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] In the drawings wherein similar reference char- 
acters denote similar elements throughout the several 
views: 

[0041] FIG. 1 is an elevational view, of the a vertebral 
disc, absent its nucleus, with its associated vertebrae. 
[0042] FIG. 2 Is an elevational view of an Interverte- 
bral disc and associated vertebrae, of FIG. 1 , from which 
the nucleus has been removed. 
[0043] FIG. 3 is an elevational view, of the disc of FIG. 
2 with the partially hydrated xerogel prosthetic nucleus 
of the present invention being implanted therein. 
[0044] FIG. 4 is an elevational view of the disc of FIG. 
2 showing the prosthetic nucleus of the present Inven- 
tion in the partially hydrated state. 
[0045] FIG. 5 is an elevational view of the disc and 
nulear material of FIG. 3 wherein the tail end of the hy- 
drogel rod has been inserted into the nuclear cavity. 
[0046] FIG. 6 is an elevational view of the disc and 
nulear material of FIG. 3 wherein the hydrogel has ab- 
sorbed water, to its EWC, expanded to its maximum size 
and filled the nuclear cavity. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0047] Referring to FIGS. 1 through 3, in the prefen-ed 



embodiment the hydrogel prosthetic nucleus of the 
present Invention, generally denoted as 10. conforms, 
when hydrated to its EWC, to the general shape of the 
natural nucleus: The prosthetic nucleus is Implanted in 
the disc 1 2 of the vertebrae 14 and is surrounded by the 
natural annulus 16. Vertebral end plates 20 and^, as 
shown in FIG. 1 , cover the superior and inferior faces of 
nucleus 10 respectively. 

[0048] Hydrogels useful In the practice of the Inven- 
tion Include lightly cross-linked biocompatible homopol- 
ymers and copolymers of hydrophiik; monomers such 
as 2-hydroxyalkyl acrylates and methacrylates, e.g., 
2-hydroxyethyl methacrylate (HEMA); N-vinyl mono- 
mers, for example, N-vinyl-2-pyrrolkJone (N-VP); €thyi- 
enically unsaturated acids, for example, methacrylic ac- 
id (MA) and ethylenicaliy unsaturated bases such as 2- 
(diethylamino)ethyl methacrylate (DEAEMA). The co- 
polymers may further Include residues from non-hy- 
drophllic monomers such as alkyi methacrylates, for ex- 
ample, methyl methacrylate (MMA), and the like. The 
cross-linked polymers are forn^ed, by known nwthods, 
in the presence of cross-linking agents, such as ethyl- 
eneglycol dimethacrylate and methylenebis(acryta- 
mlde), and Initiators such as 2y2-azobis(isobutyronitrile, 
benzoyl peroxide, and the like, and radiation such as U V 
and y-ray. 

[0049] Methods for the preparation of these polymers 
and copolymers Is well known to the art. The EWC of 
these hydrogels can vary, e.g., from about 38% for Pol- 
ymacon™ (poly HEMA) to about 79% for-LidofikxjnTw B 
(a copolymer of N-VP and MMA) under ambient condi- 
tions. 

[0050] Another type of hydrogel. useful In the practice 
of the invention. Is illustrated by HYPAN™ and poly(vinyl 
alcohol) (PVA) hydrogels. These hydrogels, unlike the 
aforementioned hydrogels, are not cross-linked. Their 
insolubility In aqueous media Is due to their partially 
crystalline structures. HYPAN™ is a partially hydrolyzed 
polyacrylonitrile. It has a multiblock copolynrwr (MBC) 
structure comprising hard crystalline nitrile blocks, 
which provide the hydrogel with good mechanical prop- 
erties, and soft amorphous hydrophiik: blocks to provide 
the hydrogel with good water binding capability. The 
methods of preparing HYPAN™ hydrogels of different 
water contents and mechanrcal properties have been 
disclosed in the U.S. Patents 4,337,327, 4,370,451, 
4,331.783; 4,369.294; 4.420,589; 4,379,874 and 
4,631,188. The pre-nuclear forms of this material, for 
use In this Invention, can be prepared by melt process- 
ing using solvents such as DMF and DMSO. as melting 
aids or by solution processing. 
[0051] A preferred hydrogel for use in the practice of 
this inventbn is highly hydrolyzed crystalline poly(vinyl 
alcohol) (PVA). The amount of hydrolyzation may be be- 
tween 95 and 100 percent depending on the desired 
EWC whteh will be from about 60% to about 90%.^en- 
erally, the final hydrogel water content increases with 
decreasing hydrolyzation of the initial PVA which results 
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in decreased crystaltinity. 

[0052] Partialy crystalline PVA hydrogels may be pre- 
pared, from commercially available PVA powders, by 
any of the methods known to the art. Preferably, they 
are prepared by the method disclosed in the U.S. Patent 
4,663,358.Typically. 10-15% PVA powder is mixed with 
a solvent, such as water, dimethyl sulfoxide (DMSO), 
ethylene glycol and mixtures thereof. A preferred sol- 
vent is 15% water in DMSO. The mixture is then heated 
at a temperature of about 100 to about 120X, until a 
viscous solution Is formed. The solution is then poured 
or injected into a tubular metal, glass or plastic mold and 
allowed to cool to below -10°C, preferably to about 
-20°C. 

[0053] The solution is maintained at that temperature 
for several hours, preferably about 20 hours, during 
which time crystalization and, therefore, gelation of the 
PVA occurs. The shaped gel is soaked with several por- 
tions of water which are periodically replaced, over a pe- 
riod of at least two days, until all the organic solvent in 
the gel has been replaced by water. The hydrated gel 
can then be partially or completely dehydrated for im- 
plantation. The hydrogels thus prepared have EWC's 
between 60-90% and compressive strengths of at least 
1 MNm-2, preferably about 4 MNm-2, when subject to 
the same constraints as the natural nucleus in an in- 
tervertebral disc. 

[0054] Completion of the solvent exchange is deter- 
mined by known methods. For instance, when the sol- 
vent is DMSO its removal, from the gel, is determined 
as follows: 

50 \iL of a 0.01 N KMn04 solution are added to 50 
mL aliquots of the water which has been separated from 
the gels. The presence of DMSO, in the water, will be 
indicated by disappearance of the characteristic pink 
color of the KMn04. When the DMSO has been com- 
pletely removed the pink color will not disappear. This 
method has a detection limit of 0.3 ppm, for DMSO, 
when compared to a blank and 0.3 ppm aqueous DMSO 
standard. 

[0055] In general, any hydrogel that can be used for 
biomedical purposes can be used as long as the hydro- 
gel exhibits an EWC from about 30 to about 90% and a 
compressive strength of at least about 1 MNm^^, pref- 
erably 4MNm-2, when subjected to the constraints of the 
annulus and end plates of the disc. A rod or tube made 
from these materials, in a dehydrated form, i.e., as xe- 
rogeis. can be prepared either by cast molding or lathe 
cutting. In cast molding, the liquid monomer mixture, 
with initiator, is poured into a mold of predetermined 
shape and size, and cured. If desired, the casting mix- 
ture may include water, or another aqueous medium. 
Under those circumstances the resultant rod or tube will 
be partially hydrated, i.e., a hydrogel. In the case of lathe 
cutting, the xerogel can be prepared, in a similar manner 
to the above, in the form of a block or rod which is larger 
than needed to form the prosthetic nucleus. The xerogel 
is then cut to the shape and size required for implanta- 



tion into the disc cavity. In both cases, the hydrogel ex- 
pansion factor, due to polymer swelling upon hydration, 
has to be taken into account in designing the mold or in 
cutting the block, rod or tube. 
5 [0056] The prosthesis is prepared by inserting at least 
one xerogel rod or tube, as described above, into the 
disc cavity through an opening, or window in the annu- 
lus. The xerogel can. if desired, be partially hydrated. In 
the practk:e of this invention, as illustrated in FKBS. 1-6, 
10 a xerogel rod 60 is inserted into cavity 61 through win- 
dow 62 in the annulus 1 6. The insertion may be effected 
manually or, as shown in FIG. 3, by passage between 
pairs of rollers 63 & 64, rotating in opposite directions. 
When the desired amount of hydrogel has been passed 
15 into the cavity and window, past opening 65 in the an- 
nulus, the tail 66 of the rod 60 is pushed into the cavity 
61 . Body fluids which are present in, or enter, the cavity 
-61 are absorbed by the hydrogel rod 60 whk^h expands 
to fill the cavity 61 . These processes are shown in FIGS. 
4-6 wherein the hydrogel is shown at increasing water 
contents, up to its EWC, and, therefore, increasing ex- 
tents of expansion. FIG. 6 shows the rod at its EWC, 
and maximum expansion, whereby the hydrogel 10 has 
filled, and taken the shape of, the cavity 61. 
[0057] The exact size of the prosthetic nucleus, at its 
EWC. can be varied for different individuals. A typical 
size of an adult nucleus is 2 cm in the semi-minor axis, 
4 cm in the semi-major axis and 1 .2 cm in thickness. 
[0058] The major advantages of the elongated rod or 
tube design is that the incision area in the annukjs can 
be reduced and it is easier to manipulate the implants 
during surgery. 

[0059] The surfaces of the implants can either be 
smooth or have transverse grooves (not shown) to in- 
crease the stability of the prostheses in the disccavities: 
[0060] The hydrogels of the present invention have a 
much higher staictural integrity than the natural nucleus, 
i.e., they are deformed with greater difficulty under a me- 
chanical compressive load (shaped gel vs loose gel). 
That is because, unlike the loose gel of the natural nu- 
cleus, the shaped gel has shape memory due to the 
cross-linking or strong hydrogen bonding in the polymer 
matrix. However, it would still have -extensive lateral 
bulging under high compressive load if there were no 
boundaries to constrain the deformation. Because use 
of the present invention does not involve removal of the 
disc annulus and/or end-plates, the lateral bulging of the 
hydrogel nucleus will be restricted by the restoring forc- 
es of the stretched fibers. Also, due to its superior struc- 
tural integrity, the hydrogel nucleus v\nll not herniate or 
bulge through the previously herniated areas or the in- 
cision which was made to remove the degenerated nu- 
cleus. 

[0061] Since the natural nucleus is also, primarily, a 
hydrogel the implanted prosthetic nucleus can easily re- 
store all the biomechanical functions of the nucleus 
which had been removed. Unlike the prior art prosthetic 
discs, the hydrogel nucleus of the present invention will 
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restore the viscoelastic behavior of the disc due to the 
water binding capability of the prosthetic hydrogel. 
[0062] The implantation of a prosthetic nucleus 10 
can be performed in conjunction with a discectomy or 
chemonuclealysis. Because the properties of the pros- 
thetic nucleus of the present invention are similar to 
those of the nucleus material, the herniated nucleus can 
be partially or totally replaced by the hydrogel prosthetic 
nucleus. Due to the small size of the prosthesis it can 
be implanted into the disc by means of a posterior lateral 
approach, thereby significantly reducing the difficulty 
and the risk of the operation. 
[0063] The volume of a hydrogel nucleus of about 
80% EWC will be reduced by about 80% (to about 20% 
of its original volume) when dehydrated. Consequently, 
the surgeon does not need to jack apart the vertebrae 
adjacent to a damaged disc as required by, for example, 
the device disclosed in United States Patent 4,772,287. 
The height of the dehydrated prosthetic nucleus, when 
inserted, is smaller than the disc space. Furthermore, 
the rigidity of the dehydrated prosthetic nucleus will help 
the surgeons to manipulate the prosthetic nucleus dur- 
ing the operation. After implantation, the hydrogel nu- 
cleus of the present invention swells in the body to a 
predetermined height which Is enough to maintain the 
space between the vertebral body. The swelling process 
normally takes several hours to two days depending on 
the size of the prosthetic nucleus and type of hydrogel. 

Example 

[0064] 15 g PVA powder, having a molecular weight 
about 78000 and about 99.7% hydrolysed \Cat No. 
15129, Polysciences Inc., Warrington, PA), was mixed 
with 85 mL of a solvent comprising 15% water in DMSO. 
The mixture was heated at about IIC^C until a homog- 
enous viscous solution formed. The solution was poured 
into a tubular glass mold of 30 mm length and 8 mm 
inner diameter. The solution was cooled to about -20°C 
and kept at that temperature for about 20 hours whereby 
the PVA crystallized and formed a gel rod. The rod was 
removed from the mold and washed with water until all 
of the DMSO had been removed therefrom. The water 
content of the rod was 74%. 

[0065] The above Example, to which many changes 
and modifications may be made, is for illustrative pur- 
poses only and is not intended to limit the scope of the 
invention which is defined by the claims. 



Claims 

1. A prosthetic nucleus (10) for implantation in an in- 
tervertebral disc cavity (11), from which the natural 
nucleus has been removed, said cavity having a 
volume, wherein the prosthetic nucleus comprises 
at least one hydrophilic xerogel rod (10), said rod 
being in a form to allow it to be inserted through an 



opening (62) in the annulus of the disc and to be 
able to fold upon itself in thecavity, said rod further 
being of sufficient length and diameter that the hy- 
drogel, when hydrated to its equilibrium water con- 
5 tent when subjected to the constraints of the annu- 
lus and end plates of the disc, expands to essen- 
tially occupy said volume of the cavity. 

2. The prostfietic nucleus (10) of claim 1 wherein the 
10 equilibrium water <jontent of the hydrogel is from 

about 30 to atx)ut 90%. 

3. The prosthetic nucleus 00) of claim 2 wherein the 
-equilibrium water content of the hydrogel is from 

15 about'60toabout80%. 

4. The prosthetk; nucleus j(10) of claim 1 wherein the 
xerogel has a volume of 10-70% of the volume of 
the hydrogel at its equilibrium water content. 

20 

5. The prosthetic nucleus (10) of claim 1 wherein the 
cross-sectional area of the opening (62) in the an- 
nulus, connecting the outside thereof with the nu- 
clear cavity of the disc, is approximately equal to or 

25 slightly greater than that of the xerogel rod. 

6. The prosthetic nucleus ( 1 0) of claim 5 wherein the 
diameter of the xerogel rod is from about 2 to about 
10 mm. 

30 

7. The prosthetic nucleus < 10) of claim 6 wherein the 
diameter of the xerogel rod is from about 4 to about 
8 mm. 

35 8. The prosthetic nucleus (10) of claim 1 wherein the 
xerogel comprises one or more rods whose total 
length is sufficient to form said nucleus. 

9. The prosthetic nucleus (10) of claim 1 wherein the 
40 hydrogel comprises a PVA gel. 

10. The prosthetk: nucleus (10) of claim 9 wherein the 
hydrogel is prepared by crystallizing a solution of 
PVA at a temperature of -10 *'C or below. 

45 

11. The prosthetic nucleus (10) of claim 1 wherein the 
hydrogel is prepared from a xerogel prepared by the 
homo- or co-polymerization of hydrophilic mono- 
mers, selected from the group consisting of N-vinyl 

50 monomers, hydroxyalkyl acrylates and methacr- 
ylates, ethylenically unsaturated acids and bases 
and their salts and mixtures thereof, in the presence 
of a cross-linking mononDer containing at least two 
ethylenically unsaturated sites. 

55 

12. The prosthetic nucleus (10) of claim 1 wherein the 
hydrogel comprises partially hydrolyzed polyacrylo- 
nitrile. 



8 



15 



EP 0 700 671 B1 



16 



13. The prosthetic nucleus ^10) of claim 11 wherein the 
cross- linking nnonomer is ethyleneglycol dimethacr- 
ylate. 

1 4. The prosthetic nucleus ( 1 0) of claim 1 1 wherein said 
hydroxyalkyi methacrylate is 2-hydroxyethyl meth- 
acrylate; said N-vinyl monomer is N-vinyl-2-pyrro- 
lidone; said ethylenically unsaturated acid is meth- 
acrylic acid; said ethylenically unsaturated base is 
2-(dlethylamino)ethyl methacrylate; and said cross- 
linking monomer is ethyleneglycol dimethacrylate. 

15. The prosthetic nucleus ( 1 0) of claim 1 4 wherein said 
copolymer is formed by copolymerizing said hy- 
drophilic monomer with at least one non-hydrophilic 
monomer. 

16. The prosthetic nucleus (10) of claim 15 wherein at 
least one of said non-hydrophilic monomers is an 
alkyi methacrylate. 

17. The prosthetic nucleus (10) of claim 1 wherein the 
hydrogel has a compressive strength of at least 1 
MNm-2 when subjected to the constraints of the an- 
nulus and end plates of the disc. 

18. The prosthetic nucleus (10) of claim 1 7 wherein the 
hydrogel has a compressive strength of at least 4 
MNm-2. 

19. The prosthetic nucleus (10) of claim 10 wherein the 
solution comprises a solvent comprising a mixture 
of DMSO and water. 

20. The prosthetic nucleus (10) of claim 1 wherein said 
aqueous composition comprises body fluids. 

21. The prosthetic nucleus (10) of claim 15 wherein said 
non-hydrophilic monomer comprises an alkyI meth- 
acrylate. 



Patentanspruche 

1. Prothetischer Kem (10) zur Implantation in einem 
Hohlraum (11 ) der Zwischenwirbelscheibe, aus der 
der naturliche Kern entfernt worden ist. wobei der 
Hohlraum ein Volumen besitzt, in welchem der pro- 
thetische Kern mindestens ein Stabchen (10) aus 
hydrophilem Xerogel umfaBt, das Stabchen eine 
Form aufweist, die ermoglrcht, es durch eine Off- 
nung (62) in dem fibrosen Ring der Zwischenwirbel- 
scheibe einzusetzen und In dem Hohlraum uberein- 
ander fatten zu konnen. wobei das Stabchen welter 
eine Lange und einen Durchmesser hat, die ausrei- 
chend sind, dass sich das Hydrogel bei Wasseran- 
lagerung auf seinen normaten Wassergehalt, wenn 
es den Einschrankungen durch den fibrosen Ring 



und die Endplatten der Zwischenwirbelscheibe 
ausgesetzt ist, ausdehnt, um im wesentlrchen das 
Volumen des Hohlraums einzunehmen. 

5 2. Prothetischer Kem (10) nach Anspruch 1 , bei dem 
der normale Wassergehaltdes Hydrogets von etwa 
30% bis etwa 90% betragt. 

3. Prothetischer Kem (10) nach Anspruch 2, bei dem 
^0 der normale Wassergehalt des Hyd rogels von etwa 
60% bis etwa 80% betragt. 

4- Prothetischer Kem (10) nach Anspruch 1 , bei dem 
das Xerogel ein Volumen von 10% bis 70% des Vo- 
^5 lumens des Hydrogels mit seinem normalen Was- 
sergehalt aufweist. 

5. Prothetischer Kem (10) nach Anspruch 1 , bei dem 
die Querschnittsflache der Offnung (62) in dem fi- 

20 brosen Ring der Zwischenwirbelscheibe, welche 
die AuBenseite davon mit dem Kernhohlraum der 
Zwischenwirbelscheibe verbindet, ungefahr der 
des Xerogel-StatKJhens entsprteht Oder etwas gro- 
3er als diese ist. 

25 

6. Prothetischer Kem ( 1 0) nach Anspruch 5, wobei der 
Durchmesser des Xerogel-Stabchens von etwa 2 
bis ehva 10 mm betragt. 

30 7. ProthetischerKern (1 0) nach Anspruch 6, wobei der 
Durchmesser des Xerogel-Stabchens von etwa 4 
bis etwa 8 mm betragt. 

8. ProthetischerKern <10) nach Anspruch 1, wobei 
35 das Xerogel ein Oder mehrere Stabchen aufweist, 

deren'Gesamtlange ausreichend ist, um den Kern 
zu bilden. 

9. Prothetischer Kem (10) nach Anspruch 1 , bei dem 
^ das Hydrogel aus einem PVAGel (Polyvinylalkohol) 

besteht. 

10. Prothetischer Kem (10) nach Anspruch 9, wobei 
das Hydrogel durch Kristallisierung einer i.osung 

45 von PVA bei einer Temperatur von - 10°C Oder dar- 
unter hergestellt wurde. 

11. Prothetischer Kern (10) nach Anspnjch 1, wobei 
das Hydrogel hergestellt ist aus einem Xerogel, das 

50 durch die Homo- oder Copolynnerisation von hydro- 
philen Monomeren, die aus der Gruppe ausgewahit 
sind, die aus N-Vinylmonomeren, Hydroxyalky- 
lacrylaten und Methacrylaten, ethylenisch ungesat- 
tigten Sauren und Basen und ihren Salzen und Mi- 

55 schungen davon besteht, in Gegenwart eines Ver- 
netzungsnnonomers, das mindestens ^wei ethyle- 
nisch ungesattigte Stellen enthalt. hergestellt wur- 
de. 
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12. Prothetischer Kern (10) nach Anspruch 1, wobei 
das Hydrogel teilhydrolysiertes Polyacryinitril auf- 
weist. 

13. Prothetischer Kem (10) nach Anspruch 11, wobei 
das Varnetzungsmonomer Ethylenglycoldime- 
thacrylat ist. 

14. Prothetischer Kem (10) nach Anspruch 11, wobei 
das Hydroxyalkylmethacrylat 2-Hydroxyethylme- 
thacrylat ist, das N-Vinyl monomer N-Vinyl-2-Pyr- 
rolidon ist, die ethylenisch ungesattigte Saure Me- 
thacrylsaure ist, die ethylenisch ungesattigte Base 
2^(Diethylamino)ethylmethacrylat ist, und das Ver- 
netzungsmonomer Ethylenglycoldimethacrylat ist. 

1 5. Prothetischer Kern ( 1 0) nach Anspruch 1 4, bei dem 
das Copolymer durch Copolymerisieren des hydro- 
philen Monomers mit mindestens einem nichthy- 
drophilen Monomer gebildet ist. 

16. Prothetischer Kern (10) nach Anspruch 15, bei dem 
mindestens eines der nichthydrophilen Monomere 
ein Alkylmethacrylat ist. 

17. Prothetischer Kern (10) nach Anspruch 1, bei dem 
das Hydrogel eine Druckfestigkeit von mindestens 
1 MNm'2 aufweist, wenn es den tinschrankungen 
durch den fibrosen Ring unddieEndplattenderZwI- 
schenwirbelscheibe ausgesetzt ist. 

1 8- Prothetischer Kern ( 1 0) nach Anspruch 1 7, bei dem 
das Hydrogel eine Druckfestigkeit von mindestens 
4 MNm-2 aufweist, 

1 9. Prothetischer Kern ( 1 0) nach Anspruch 1 0, bei dem 
die Losung ein Losungsmittel aufweist, das aus ei- 
ner Mischung von DMSO (Dimethylsulfoxid) und 
Wasser besteht. 

20. Prothetischer Kern (10) nach Anspruch 1, bei dem 
die waBrige Mischung Korperflussigkeiten auf- 
weist. 

21 . Prothetischer Kern ( 1 0) nach Anspruch 1 5, bei dem 
das nichthydrophile Monomer ein Alkylmethacrylat 
aufweist. 



Revendi cations 

1. Prothfese de noyau (10) destinee k etre implant^e 
dans une cavite de disque intervertebral (11) apr^s 
ablation du noyau nature!, ladite cavite presentant 
un volume, caract6ris6e en ce que la prothese de 
noyau comprend au moins une tige de xerogel hy- 
drophile (1 0), ladite tige se presentant sous une for- 
me lui permettant d'etre inser^e par une ouverture 



•(62) dans I'anneau du disque et d'etre repliee sur 
elle-meme dans la cavity, ladite tige ayant en outre 
une longueur et un diam^tre suffisants pour que 
I'hydrogel, hydrate k sa teneur d'^quilibre en eau 
5 lorsqu'il est soumis aux contraintes de I'anneau et 
des lames basales du disque, st^tende jusqu'd oc- 
cuper sensiblement ledit volume de la cavite. 

2. Prothese de noyau (10) seton la revendication 1, 
10 caract^risee en ce que la teneur d'^quilibre en eau 

de I'hydrogel est comprise entre environ 30 % et en- 
viron 90 %. 

3. Prothese de noyau (10) selon la revendk;ation 2, 
15 caracteris^e en ce que la teneur d'equillbre en eau 

de I'hydrogel est comprise entre environ 60 %^t en- 
viron 80 %. 

4- Prothese de noyau (10) selon la revendication 1, 
20 caracterisee en ce que le volume du xerogel est 
egal ^ 1 0 ^ 70 % du volume de I'hydrogel k sa teneur 
d'equilibre en eau. 

5. Prothese de noyau (10) selon la revendcation 1. 
25 caracterisee en ce que la section trans versale de 
i'ouverture<62) de I'anneau reliant la cavit6 nucl^ai- 
re du disque k I'exterieur est sensiblement ^gale ou 
legerement superieure a celle de la tige en xerogel. 

30 6. Prothese de noyau (10) selon la revendication 5, 
caracterisee en ce que le diam^tre de la tige en xe- 
rogel est compris entre environ 2 mm et environ 1 0 
mm. 

35 7. Prothese de noyau (10) selon la revendication 6, 
caracterisee en ce que le diam^tre de la tige de xe- 
rogel est compris entre environ 4 mm et environ 8 
mm. 

40 8. Prothese de noyau (10) selon la revendication 1, 
caracterisee en ce que le xerogel-comprend une ou 
plusieurs tiges dont la longueur totate est^uffisante 
pour former ledit noyau. 

45 9, Prothese de noyau < 10) selon la revendication 1, 
caracterisee en^e que I'hydrogel comprend un gel 
PVA. 

10. Prothese de noyau (10) selon la revendication 9. 
50 caracterisee en ce que I'hydrogel est obtenu par 

cristallisation d'une solution de PVA k une tempe- 
rature inferieure ou egale k -10°C. 

11. Prothese de noyau (10) selon la revendication 1, 
55 caracterisee enceque I'hydrogel est obtenu k partir 

d'un xerogel prepare par homopolymerisation ou 
copolymerisation de monomeres hydrophiles, se- 
lectionnes dans le groupe compose de monomeres 
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N-vinyliques, d'acrylates et methacrylates d'hy- 
droxyalkyle, d'acides et de bases insatures en ^thy- 
Idne ainsi que de sels et de melanges desdits pro- 
duits, en presence d'un mononndre reticulant con- 
tenant au moins deux sites insatures en ethylene. 5 

12. Prothese de noyau (10) selon la revendication 1. 
caracterisee en ce que I'hydrogel comprend un po- 
lyacrylonitrile partiellement hydrolyse. 

10 

13. Prothese de noyau (10) selon la revendication 11, 
caracterisee en ce que le monomere reticulant est 
le dimethacrylate d'ethylene glycol. 

14. Prothese de noyau (10) selon la revendication 11, is 
caracterisee en ce que ledit methacrylate d'hy- 
droxyalkyle est le 2-hydroxyethyl methacrylate ; le- 
dit monomere N-vlnylique est la N-vinyl- 
2-pyrrolidone ; ledit acide insature en ethylene est 
I'acide methacrylique ; ladite base insaturee en 20 
ethylene est le 2-(diethylamino)ethyl methacrylate ; 

et ledit monomere reticulant est le dimethacrylate 
d'ethylene glycol. 

15. Prothese de noyau (10) selon la revendication 14, 25 
caracterisee en ce que ledit copolymere est obtenu 
par copolymerisation dudit monomere hydrophlle 
avec au moins un monomere non-hydrophlle. 

16. Prothese de noyau (10) selon la revendication 15, 30 
caracterisee en ce qu'au moins un desdits mono- 
meres non hydrophiles est un methacrylate d'alky- 

le. 

17. Prothese de noyau (10) selon la revendication 1, 35 
caracterisee en ce que I'hydrogel possede une re- 
sistance a la compression superieure ou egale k 1 
MNm-2 lorsqu'll est soumis aux contraintes de Tan- 
neau et des lames basales du disque. 

40 

18. Prothese de noyau (10) selon la revendication 17, 
caracterisee en ce que I'hydrogel possede une re- 
sistance a la compression superieure ou egale ci 4 
MNm-2 

45 

19. Prothese de noyau (10) selon la revendication 10, 
caracterisee en ce que la solution comprend un sol- 
vant comportant un melange de DMSO et d'eau. 

20. Prothese de noyau (10) selon la revendication 1, so 
caracterisee en ce que ladite composition aqueuse 
comprend des fluides corporels. 

21. Prothese de noyau (10) selon la revendication 15, 
caracterisee en ce que ledit monomere non hydro- ss 
phile comprend un methacrylate d'aikyle. 
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